Mycotoxins are toxic secondary metabolic products of various fungi, mainly belonging to the genera Fusarium (Trichothecenes, Zearalenone), Aspergillus (Aflatoxin) and Penicillium (Ochratoxin) and can be found in almost 25% of the world's agricultural commodities. These compounds are toxic to humans, animals and plants and therefore, efforts should be made to avoid mycotoxin contamination in food and feed. It has been estimated that at least 300 of these fungal metabolites are potentially toxic to animals and humans. In India 50% losses of agricultural commodities are due to postharvest losses. A number of physical and chemical approaches have already been taken to reduce the effect of mycotoxins, but due to certain limitations of physical and chemical strategies prompted search for other solutions to the mycotoxin hazards. Thus, there is an increasing public pressure for a safer and ecofriendly alternative to control these organisms. Consequently, a new approach is applied for managing mycotoxins through transformations that offer specific, efficient and eco-friendly way for detoxification of mycotoxins. This review aims to brings about the up-to-date management strategies mainly through transformation (genetic and bio) to prevent or reduce post harvest damages to the crops caused by storage fungi and the contamination of food and feed by mycotoxins. It will make aware of the new technologies or management methods for mycotoxins through transformation. The transformation methods may become the technology of choice, as they offer a specific, irreversible, efficient and environment friendly way of detoxification that leaves neither toxic residues nor any undesirable byproducts.
INTRODUCTION
Mycotoxins are a group of highly toxic secondary metabolites of the fungi mainly belonging to genera Fusarium, Aspergillus and Penicillium, produced under certain favourable environmental conditions,such as temperature, humidity, pH, atmospheric gasses, photoperiod light intensity and water availability. The temperaturerange usually reported for fungal growth is broad (10-35°C), with a few species capableof growth below or above this range. In general, the optimum temperature for mycotoxin production is below the optimum for growth.Moisture requirements of foodborne moulds are relatively low; most species grow at a 0.85 aw (water activity) or less, although yeasts generally require a higher water activity. 0.60 aw is considered the limit for cell growth, but spores of Aspergillus and Penicillium for example, are able to survive at lower aw for several years (Carlile and Watkinson, 1996) . The acid/alkaline requirement for growth of all yeasts and moulds is quite broad, ranging from pH 3 to above pH 8, with optimum around pH 5, if nutrient requirements are satisfied. In general, Aspergillus species are more tolerant to alkaline pH while Penicillium , 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.jans.ansfoundation.org species appear to be more tolerant to acidic pH (Wheeler et al., 1991) . According to ICAR (2012) 50% losses of agricultural commodities is due to post harvest losses in India. Among which maximum post harvest losses is for fruits (18%), for vegetables (12%), for oil seed (10%) and for pulses and cereals it is 6%. It has been estimated that at least 300 of these fungal metabolites are potentially toxic to animals and human. Human food can be contaminated with mycotoxins at various stages in the food chain (Bennett and Klich, 2003) . Factors contributing to the presence or production of mycotoxins in foods or feeds include storage, environmental, and ecological conditions. Often times most factors are beyond human control (Hussein and Brasel, 2001) . A wide range of commodities can be contaminated with mycotoxins both pre-and post-harvest (CAST, 2003) . The wide range of effects and losses due to mycotoxins make their management and prevention of contamination in food products necessary. A number of physical and chemical approaches have already been taken to reduce the effect of mycotoxins, but due to certain limitations of physical and chemical strategies prompted a search for other solutions to the mycotoxin hazards. Consequently, a new approach is applied for managing mycotoxins through transformations by using genetic engineering and biotechnological techniques (genetic transformation) and; microbes and enzymatic detoxification (bio-transformation) that offer specific, efficient and eco-friendly way for detoxification of mycotoxins that leaves neither toxic residue nor any undesirable by-product. According to FAO 25% of the world's crops are affected by mycotoxins with annual loss of 1 billion metric tons of food and food products. In India 50% losses of agricultural commodities are due to post harvest losses. Government of India, Ministry of food processing industries (2016): As a quarter of agricultural products loss is due to mycotoxin contamination and with the knowledge that mycotoxins can have serious effects on humans and animals has led many countries to establish regulations relating to mycotoxin in food to protect the consumer from harmful effects of these compounds. First time the limit is set for aflatoxin in late 1960's but by the end of 2003 more than 100 countries had developed specific limits for mycotoxins in food and feed. According to FAO (2013)25% of the world's crops are affected by mycotoxins with annual loss of 1 billion metric tons of food and food products. In United States losses associated with deoxynivalenol were estimated at $655 million/year, with the majority of the losses in wheat (APS, 2013) .Losses due to aflatoxins in three Asian countries (Indonesia, Philippines, and Thailand) were estimated at $900 million annually (APS, 2013) .Diversity in the toxic effects and the synergetic properties of mycotoxins has made it mandatory to consider them as -risk factor‖to humans and in livestock health (Yiannikouris and Jonany2002; D´ıaz-Llano and Smith 2006) . Concerns over health effects of mycotoxins are being seriously considered worldwide. Mycotoxicosis is the general term given for the disease that is caused by mycotoxins (Nelson and others 1993 There are 24 types of aflatoxin but only four are found in food stuff i.e. aflatoxin B1, B2, G1, G2. Aflatoxin may also be found in the milk of animals that feed on aflatoxin contaminated food (aflatoxin M1 and M2). Toxicity of aflatoxin is due to epoxide ring present at 8 -9 carbon position in its chemical structure. These are genotoxic & carcinogenic and can cause liver cancer in humans, chronic hepatitis and jaundis. The biosynthetic pathway of aflatoxin includes; a Type -I polyketide synthase (PKS) and a pair of specialized fatty acid synthase subunits (FAS-1 and FAS-2) to synthesize norsolorinic acid. Then a series of around 15 redox reactions mediated by cytochromes P450 (isoenzyme system) occurs that leads to the production of aflatoxins. The biosynthetic pathway progresses as under: (Yu, 2012) Ochratoxin: These are particularly produced by Aspergillus sp. (A. Ochraceous, A. parasiticus, A. niger) and Penicillium sp.. Ochratoxin are of three typesOchratoxin A, B, and C. Among these ochratoxin A is most important; it contaminates commodities like, ce- Appl. & Nat. Sci. 9 (4): 2214 -2220 (2017 (Wang et al., 2016) . OTA biosynthetic pathway had been proposed as a scheme by Huff and Hamilton.They hypothesized that mellein (dihydroisocoumarin, a phenolic compound produced by Aspergillus ochraceus), catalyzed by Polyketide Synthase PKS, was oxidized to OTβ and then transformedto OTα by a halogenase/chloroperoxidase. Subsequently, OTα was esterified to ochratoxin C via linkwith the ethyl ester, and finally biosynthesized to OTA by a deesterification reaction (Huff et al., 1979) . Zearalenone and Zearalenol: These are produced by Fusarium sp. particularly F. Gramminearum mainly in maize. It is estrogenic mycotoxinoccurring in Fusarium-infected cereals,causing hormonal effects (Michlmayr et al., 2017) . It is also associated with the ear or stalk rot of corn, but its role in pathogenesis is not yet defined.
Trichothecenes: These are one of the most recognised groups of mycotoxins, these includes over 60 compounds but the most effective are deoxynivalenol (DON), T-2, HT-2, nivalenol, diacetoxyscirpenol (DAS). These are associated with commodities likewheat, maize, rice, oats, rye, barley, mainly produced by Fusarium sp. The toxicity is due to epoxy group present at 12-13 carbon position. They cause acute and chronic mycotoxicosis in farm animals and humans. These mycotoxins may also have role in pathogenesis and causes ear rot in corn and scab & head blight in wheat, barley, oats and rye. Biosynthesis of Fusarium trichothecenes begins with the cyclization of farnesyl pyrophosphate (primary metabolic intermediate) to form trichodiene. The enzyme terpene cyclase trichodiene synthase (Tri5) catalyzes this reaction (Hohn et al., 1986) .Trichodiene undergoes a series of oxygenations catalyzed by a cytochrome P450 monooxygenase. The four oxygens were added at C-2, C-3, C-11, and the C-12, C-13-epoxide to form theintermediate isotrichotriol. Isotrichotriol then, undergoes a non-enzymatic isomerization and cyclization to form isotrichodermol (=3α-hydroxy EPT) (Mc Cormick et al., 1990) .During this process, the oxygen at the C-2 position becomes the Archana Negi et al. / J. Appl. & Nat. Sci. 9 (4): 2214 -2220 (2017 pyran ringoxygen and the hydroxyl group at C-11 is lost. More complex Type A trichothecenes are built bymodifying isotrichodermol through a series of paired hydroxylation (-OH) and acetylation or acylation (-OR) steps. Isotrichodermol (C-3 -OH) is converted to isotrichodermin (C-3 -OR) by an acetyltransferase. A second hydroxyl group is added to C-15. A third hydroxyl group is added at C-4. A fourth hydroxyl group is added to C-8 followed by the addition of an isovaleryl moiety. Finally, the acetyl group is removed from the C-3 position by an esterase to produce trichothecene 
Inserting genes capable of degrading the toxin:
Fumonisin is greatly detoxified by this strategy. Gene for Fumonisin esterase is been isolated & cloned from Exophiala spinifera which is capable of metabolizing Fumonisin. Then these genes are exposed in maize plants by using biotechnological tools. Then expression of these genes on Fumonisin level kernels is being evaluated.
Reducing mycotoxin accumulation by interfering with the biosynthetic pathway: This strategy involves engineering plants to produce proteins or compounds that interfere with mycotoxin biosynthesis, or altering plant genome, so it fails to produce signalling compounds involved in mycotoxin biosynthesis, for example-in case of aflatoxin, α-amylase helps in its synthesis and α-amylase inhibitor proteins can inhibit aflatoxin synthesis identified from legume Lablabpurpureus. So genetically altered maize plant can be formed having α-amylase inhibitor. Different gene transfer method: There are various gene transfer methods through which desirable gene is transmitted to plant. There is direct DNA gene transfer method and vector mediated gene transfer method. Among direct method there are some physical and chemical methods, while vector mediated transfer method is through Agrobacterium mediated method.
Physical methods Electroporation:
In this method there is use of electric impulse to produce pores in plasma membrane, thereby allowing macromolecules into the cells for the uptake of DNA.Here plant material is incubated in buffer containing target DNA then subjected to high voltage electric impulse. Particle bombardment: It uses accelerated microprojectiles to deliver DNA into intact tissues & cells. For this purpose gene guns are been devised that literally fires DNA into target cells. The DNA which is to be transformed into the cells is coated with tungsten or gold particle. The coated particles are loaded into the firing chamber of the gene guns which is accelerated to high speed towards the target cell. virG, virB, virC1, virD1, virD2, virD4, virE1, virE2 . Opine catabolism region codes for protein involved in the uptake & metabolism of opines. In this method firstly the gene of interest is inserted into the T-DNA region. Wounded plant cell produce phenolic defence compound which can triggers the expression of the bacterium's vir genes. It encoded for vir protein that process the T-DNA region from Ti plasmid and form T-strand. After the bacterium attack plant cell, the T-strand and several vir proteins are transformed to the plant through a transport channel. Inside the plant cell, the vir proteins interact with the T -strand, forming a T-complex. This T-complex targets the nucleus, allowing the T-DNA to integrate into the plant genome and results in the expression of the encoded genes. Previously many studies have shown that genetic transformations can be used to manage mycotoxins by using specific gene responsible to detoxify a specific mycotoxin. For instance, detoxification of deoxynivalenol (DON) and Zearalenone (ZEN) were achieved by expression of acetyltransferase gene (Tri101) and lactonohydrolase gene (Zh101) respectively (Okubura et al., 2002; Takahashi et al., 2004) . Thus with more knowledge in molecular plant pathology and biotechnology, problem of mycotoxin in agricultural commodities can be solved by inserting genes that can detoxify the mycotoxins. anamorphic species were tested for their ability to convert the trichothecene T-2 toxin to less-toxic products (Mc Cormick, et al., 2012) . The Human Fecal Microbiota Metabolizes Deoxynivalenol and Deoxynivalenol-3-Glucoside (Gratz, et al., 2013) .
Conclusion
Mycotoxins have huge significant in post harvest loss and managing it is not an easy task. Transformation is a new approach to manage mycotoxin affected commodities by using biotechnological & genetic engineering techniques and enzymatic or microbial degradation that offers a specific, efficient, environmental friendly way of detoxification of mycotoxin and leaves neither toxic residue nor any undesirable by product. But since this approach is in its infant stage so further work into enzymology, genetic modification, residual toxicity and identification of gene for detoxification are required to harness the potential of these microbes that is used as feed additive or from which gene is extracted. Future prospects: With more knowledge in molecular plant pathology and use of biotechnology techniques GM crops may offer a possible contribution to manage mycotoxin.
To determine whether the ability of the product (microorganism) to biologically degrade mycotoxin under in vivo or storage condition. In case of bio-transformation, the responsible detoxification system (genes involved in process) remains to be identified. The environmental safety of genetically engineered (GE) crops and foods, just as with those created by classical breeding and mutation and grown conventionally or organically, must be evaluated on a case-bycase basis to perform meaningful risk assessments
